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AnBSTRACT. The Bahrah granodiorite-granite complex is an oval intrusion
oriented NE-SW forming a negative geomorphologic feature at the interse-
ction of Wadi Fatima to the west and Wadi Al-Shumaysi to the east. It is
bound to the west by Jeddah group metavolcanics and Bahah group
paraschist. To the cast, itis in contact with Jeddah group metavoleanics and
intruded quartz-diorites. The complex is traversed by fine grained basic
dikes trending E-W. N

The rock types range from gabbroic to granitic. The main rock type is
medium to coarse grained biotite and sometimes biotite-hornblende gra-
nite. The quartz-diorite and granodiorite facies near the eastern borders of
the complex are slightly foliated and contain abundant mafic xenoliths, in-
dicating an emplaccment mechanism by stoping. *

The intrusion is peraluminous calc-alkaline in nature and highly depleted
in LIL-elements suggesting a subduction related origin of the magma. The
Rb/Sr age obtained is 665 = 12 Ma, and is interpreted as the age of
emplacement during post-Fatima group time whose age is 690-680 Ma. This
is the time-equivalent of the post-Halaban-Hulayfah tectono-plutonic cycle
widely spread in the Arabian Shield.

Introduction

The Jeddah-Makkah redion is located in westcrn Saudi Arabia between latitudes
21°00"-21°30’N and longitudes 39°00°-39°45E. It was one of the earliest areas to be
studied geologically in the Arabian Shield (Brown et al. 1963). The area triggered
further investigations since Aldrich (1978) reported ages ranging between 720-1025
Ma for some gneissic units in the area. Later, Skiba (1980) compiled the regional
geologic mapping of the area and designated the oldest lithostratigraphic unit as the
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Arafat group, which comprises a scquence of sedimentary pyroclastic and volcanic
rocks that are tightly folded and intensely metamorphosed in the amphibolite facies.
The early plutonic intrusions are represented by foliated rocks which are inter-
Jayered with members of the Arafat group and arc of variable composition. They
range from gabbros, diorites, quartz-diorites, tonalites, biotite-granodiorite, to biot-
ite-granites.

The second or later phase of plutonic intrusions includes all plutonic bodics that
cut the Arafat and later stratigraphic units in the area. The early phases of intrusions
comprise large amounts of diorite, quartz-diorites and tonalites. Plutonism con-
tinued with the emplacement syntectonically of tonalites to granodiorites of plutonic
to batholithic sizes. This orogenic (Hijaz)-cycle ended with a latc-tectonic and post-
tectonic intrusions which range in composition from granodiorite to granite.

Fleck et al. (1980) reported Rb/Sr ages from the Jeddah arca that contradicted the
ages reported earlier by Aldrich (1978). Further, Fleck (1981) reported Rb/Sr ages of
dioritic to granitic plutons in the Jeddah-Makkah region ranging between 700 and
820 Ma, with a cluster between 760-780 Ma. Also, he observed a very low initial ¥Sr/
86Sr ratios (~ 0.702-0.703) in all the plutons dated. These low initial ratios and the
calc-alkaline chemical nature of the plutonic rocks of the area reported by Skiba
(1980), led 10 the suggestion that the area was developed within ensimatic environ-
ment at a convergent plate-margin.

In this paper, we are investigating, in detail, the petrochemistry of the Bahrah
granodiorite-granite complex {Jeddah-Makkah area) as well as presenting its
Rb/Sr-isochron age. This pluton, which shows circular outlines with little evidence of
deformation and exhibiting negative topographic features, represents the syn- to
late-tectonic type of intrusions. It is intended to examine the tectonic setting within
which this plutonic complex evolved as well as the time-span of plutonic activity in
the area. Also, it is intended to correlate the age and chemistry of this plutonicintru-
sion with similar ones from other areas in the Arabian Shield.

Geologic Setting

The Bahrah granodiorite-granite comiplex is a semi-circular pluton about 10 km in
diameter (Fig. 1). It forms low relief lands at the intersection of Wadi Fatima to the
west and Wadi Al-Shumaysi to the east. It is bound to the west by a narrow ridge of
Jeddah group metavolcanics which is separated from the Fatima metavolcanic-
metasedimentary series by a zone of paraschist of the Bahah group, (Fig. 1). To the
east, the pluton is in contact with Jeddah group metavolcanics and intrusive quartz-
diorite. Chilled margin facies against the western metavolcanics have been observed.
From the north, the pluton is bound by the foliated biotite granodiorite complex of
Makkah batholith.

In the field, the rock types range from gabbroic to granitic. The main rock types
are medium to coarse grained biotitc-hornblende-granodioritc and biotite-granite.
Limited exposures of dark black gabbros and diorites in the form of small hills stand-
ing astride the low relief granitic terrains are present. Biotite-hornblende granodior-
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ite with mafic xenoliths is present ncar the center of the piuton, Fine grained basic
dikes trending E-W cut the granite. The quartz-diorite and granodiorite facics near
the castern borders of the pluton are slightly foliated and contain abundant mafic
xcnoliths. Near the center of the pluton pink microgranites occur in the form of small
plugs, veins and dikes. The biotite-granite is epidotized in places. Also, the
hornblende 1s sometimes altered to actinolite, whercas the biotite is sometimes al-
tered to chlorite.,

Petrography and Petrochemistry

The Bahrah granodiorite-granitic complex was sampled along two main traverses,
one along the N-S direction and the second across the E-W dircction (Fig. 1). In all,
42 samples were collected as fresh as possible and representing almost all the rock
varieties of the complex. The rocks have been studied petrographically in thin sec-
tions and chemically analysed for major elements as well as some trace clements, Rb,
Sr, Ba, Y, Nb, and Zr. The analytical results are shown in Table 1.

Tanrr 1. Chemical analyses and CIPW norms of Bahrah granodiorite-gramite complex.

SumpleNo. MKt MK2  MK3 MK MK MKO MKT MK-® MK
$i0. 6753 6781 6700 6720 67.60 6773 86 G991 6678
o, 3,40 0.36 (.30 (.40 0.32 0.38 .27 0.26 0.43
ALO, 1355 1403 486 1380 1505 1487 1225 166 1354
Fe.0, 20 19T M 23 .65 140 Lo6 147 217
FeO 2.24 L8O 191 175 1.59 .54 077 112 2
MnO 0.10 (.08 0.09 0.08 0.08 0.03 0.2 .46 0.12
MpO 1.80 1.23 119 1.44 1.33 .22 .24 0.82 2.4
Ca0 425 4 4l a6 A% 39 L6248 46
Na O 301 12) BT 405 43 436 382 313
KO .61 2.1 2.00 2.9 2,10 1.98 242 .88 1.96
l’;(J‘ 0.0y 0.04 0.09 1.0 (.09 .08 0.07 (L.08 0.09
O L0 0w osd 086 068 079 0.5 0T 0
1,0 0.13 08 07 012 014 0.13 016 012 -

Total 9851 9803 9930 9799 9866 9806 Y86l O8I0 9861

Trace clements in parts/10°

Nb If 1 10 1 10 1 12 1 7
Zx 122 1n7 " 126 126 168 159 126 108
Y I8 I8 19 19 18 19 19 19 18
S 252 241 25 251 253 3 130 224 237
Rb 51 & 7 7 65 Y s S8 79
Bi 498 28 Wy 525 188 a2 sy 3 150
CIPW

q IS 3044 S0 2665 2579 2574 3673 3Ls0 2706
ar 951 1247 182 1235 1241 100 14300 1L ILS8
ab 247 210 M1 B W 303 3689 3232 2649
i 0 ATed 19200 1366 1669 1543 671 1674 17

¢ 0.00 0.0 00K} 0.00 (.00 0.40 0.00 0.21 0.00
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Tasik 1. (Contd)

Sample No. MK-10 MK-I1 MK-12 MK-13 MK-14  MK-15 MK-16  MK-17 MK-17A

di 1.44 2.26 .89 389 1.90 1.50 0.69 0.00 5.21
hy 5.09 321 393 2.52 3.58 3.46 .40 2.57 5.39
m .04 2.86 2.96 338 2.39 2.03 1.54 2,13 315
il (.76 0.08 (.68 (.76 0.61 0.72 0.51 0.49 0.82
ap 0.21 0.21 0.21 0.21 0.21 0.19 0.16 0.19 0.21
RbiSt (.202 0.286 0.291 (.299 0.257 0,158 0.446 0.259 1.333
K/Rb 262 254 216 231 268 279 346 269 206
A/CNK (.94 0.92 0.96 0.87 0.93 (0.94 0.96 1.0 (.84
Si0o, 69.90 62.08 72.87 6Y.57 71.12 72.45 73.75 73.96 70.12
1o, .35 0.74 (.19 0.47 0.37 .26 0.22 0.20 0.21
M;Q\ 13.45 17.07 13.60 14.72 13.21 12.54 12.21 13.67 12.48
Fe,0, 1.59 2.38 (.88 1.50) L.10 1.26 0.92 0.63 0.27
FeO 2.19 2.92 0.6l 1.80 1.78 0.97 1.31 1.15 1.09
MnO 0.08 0.09 0.03 0.02 0.06 0.04 0.07 0.06 0.06
MgO 1.32 2,01 0.17 (.93 1.01 (.96 0.61 0.50 (.50
CaO 391 5.64 1.62 4.54 3.35 1.62 2.15 2.31 2.40
Na,O 3.60 4.43 3.75 3.97 382 3.82 4.28 382 0.88
K,O 2.05 |.48 3.10 1.22 238 3.40 2.97 2.83 2.54
P,Og 0.09 0.1 0.07 0.09 0.08 0.06 0.07 0.07 .07
P{,O' .83 0.92 0.84 0.77 0.57 0.43 0.82 0.75 0.92
H;O - 0.06 0.02 0.05 0.02 .04 0.06 0.20 0.13
Total 98.36 99.93 97.75 99.67 98.87 97.85 99,44 100.15 97.67

Trace elements in parts/10¢

Nb 11 10 12 9 9 10 10 11 10
Zr 117 145 122 182 150 131 131 154 163

Y 19 19 21 15 16 30 21 17 I8

Sr 202 518 131 387 285 108 246 327 300
Rb 66 56 75 47 69 84 91 93 8l

Ba 588 450 488 438 488 638 563 826 750
CIpw

q 30.92 £5.88 35.60 31.60 31.40 32.44 32.58 3479 20.73
o1 12.12 8.75 18.32 721 14.07 20.09 17.55 16.72 15.01
ab 30.46 37.49 31.73 33.59 32.32 32.32 36.22 2.3 50.05
an 14.49 22.32 7.58 18.74 11.87 7.03 5.33 1100 0.00
C 0.00 0.00 1.30 0.00 0.00 0.00 0.00 0.29 0.00
di 353 3.99 0.00 2.59 3.46 0.49 4.02 0.00 6.01
hy .84 542 0.56 243 2.68 2.55 0.94 2.62 0.00
wo 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 1.78
ac 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78
mt 2.3 3.45 1.2§ 217 1.59 1.83 1.33 0.91 0.00
il 0.66 1.41 0.36 (.89 0.70 0.49 0.42 0.38 0.40
ap 0.21 0.25 .16 2.21 0.19 0.14 0.16 0.16 0.16
Rb/Sr 0.327 0.108 0.573 0.121 1.242 0.778 0370 0.284 0.270
K/Rb 258 219 243 2135 286 336 271 253 260

A/CNK 0.88 0.89 1.09 0.91 (.88 0.97 0.86 1.01 .68
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TAaBLE |, (Contd)

Sample No. MK-I8  MK-19  MK-20 MK-21 MK-22 MK-23 MK-24 MK-25 MK-26

Sio, 47 88 68.85 69.68 74.80 75.53 68.40 46.26 74.66 73.92
TiO, 0.42 .33 0.32 0.21 0.17 0.42 1.00 0.24 0.08
ALO, 12.87 13.62 13.62 11.80 1218 12.43 22,43 14.83 [3.51
Fe, O, 3.4 1.71 1.80 0.58 0.80 2.35 2.99 L6l 0.61
Fe(O 5.22 1.50 1.37 0.08 0,27 2.08 5.05 0.27 0.05
MnO 0.18 (.09 0.08 0.04 (o2 0.10 0.10 0.01 0.01
MgO 8.34 1.15 0.97 1.44 0.29 [.80 2.99 0.18 0.07
CaO 10.07 3.63 3.05 1.68 1.78 4,94 12.62 0.38 0.38
Na,O 1.68 3.82 3.78 5.65 3.97 4.36 2.60 1.07 3.68
K,O 1.62 1.82 1.92 [.18 2.22 0.96 0.31 2.85 3.07
P.O, 0.15 (.08 0.08 0.06 0.06 0.10 0.17 0.05 0.05
H,O" 5.82 1.63 1.77 1.92 2.33 [.84 [.58 1.86 0.69
H,O 111 0.17 0.16 0.18 0.10 0.10 0.12 0.11 0.19
Total 98.50 98.40 99.50 99.62 99.72 99,88 98.32 08.12 98.31

Trace elements in parts/ 100

Nb 7 10 10 12 8 9 7 1 N

7r 109 122 122 131 13 136 17 156 95

Y 16 19 175 25 19 13 13 18 25

St 596 200 241 1o 87 334 876 27 k0
Rb 87 53 1 35 62 25 Rt 70 83
Ba 263 376 450 300 376 263 IS0 750 338
CIPW

q 096 3057 3135 3283 3986 2842 0.0 5659 3233
or 957 1076 1135 697 1312 567 183 1684 29.96
ab 1422 3232 3199 4781 3359 3689 2200 09.05 314
an 2279 464 1453 335 844 ILSL O 4862 156 156
¢ 000 000 000 000 015 000 000 9.4 1.40
di 209 228 363 337 000 987 1055 0.00 0.0
hy 1737 274 1M 202 072 113 480 045 017
ol 000 000 000 000 000 0.00 219 000 0.00
mt 455 248 261 000 044 34 434 021 0.00
il 080 063 06l 025 032 080 Lo0 046 012
ap 035 019 019 014 014 023 039 012 012
Rb/Sr 0146 0265 0253 038 0713 0075 0038 2593 2.256
K/Rb 155 285 261 280 297 319 77 38 478
AICNK 056 092 08 087 L0 0.72 081 268 Ll
$i0, 7392 48.62 7665 6L39 5227 63.00  TL30 6737 47.08
TiO, 0.09 044 017 L0 L6S 043 024 02 1S
ALO, 13.54 1083 1260 1645 1602 1577 1410 1667 19.08
Fe,0, LIS 168 130 185 192 245 146 184 4.03
FeO 023 831 033 426 762 224 0.63 D71 656
MnO 005 025 002 004 019 01l 005 006 0.4
MgO 0.17 176 009 197 406 L7K 052 044 299
Ca0 P81 1267 078 666 935 517 237 33 1225

Na,O 308 2.21 4.66 5.05 4.28 3.97 428 3.97 305
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TaLE 1. (Contd)

Sample No, MK-27 MK-28 MK-29 MK-30 MK-30A MK-31  MK-32  MK-33  MK-34
K.O 3402 .54 3.07 0.39 0.26 1.47 217 2.90 0.32
PO, 0.06 0.1%8 0.05 0.12 0.15 0.10 (107 0.08 0.17
H,O~ 0.75 0.97 0.48 0.41 0.63 1.64 (.84 1.46 116
H,O 0.12 0.14 0.18 0.12 018 0.13 0.1 0.12 0.135
Total 97.96 98.6 100,97 100.1 98.58 98.26 98.14 99,19 98.52
Trace elements in parts/10°

Nb 11 6 11 9 7 4 12 10 6
7r 130 61 130 251 130 117 117 199 13

Y 37 12 21 16 16 18 40 19 12
Sr 34 370 47 750 723 266 150 606 u3l
Rb 78 43 51 23 32 52 50 100 i3
Ba b0] 75 750 215 263 412 338 482 130
CIPW

q 40.66 0.00 34.03 13.95 .82 21.00 32.44 25.57 0.00
or 17.85 3.19 21.69 2.30 1.54 8.69 12,82 17.14 1.89
ab 2581 18.49 39.43 42.73 36.22 33.59 36.22 33.59 2581
an 8.59 18.04 2.63 21.07 23.73 20.87 11.30 161 37.43
ne 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
¢ 2.11 0.00 0.00 0.00 0.00 0.00 0.57 1.10 0.00
di 0.00 35.27 0,45 u.24 17.93 3.31 0.00 0.0 18.31
hy 0.42 0.00 0.00 4.99 11.27 4.43 1.29 1.10 3923
wo 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
ol 0.00 18.70 0.00 .00 (1.00 0.00 0.6 0.00 0.69
mt 0.64 2.44 0.62 2.83 2,78 3.55 1.30 1.85 387
il 0.17 0.84 0.32 2.09 313 (.82 .46 0.42 2.89
ap 0.14 0.42 0.12 0.28 0.35. 0.23 .16 0.19 0.39
Rb/Sr 1.444 £.166 1.085 0.031 0.044 0,195 0.333 0.165 0.035
K/Rb 321 104 397 [4] 67 235 360 241 R0
A/CNK 1.17 .40 0.97 0.79 U.66 .90 1.03 1.06 0.6
Si0, 68,99 48.53 47.0F 6573 64.06 66.93 47.08 67.88
TiOh7 0.28 0.87 0.43 0.40 0.62 0.47 1.33 0.27
AIZ(—)J 16.05 22.50 19.95 15.89 15.07 14.80 16.90 13.45
Fe,O, 1.47 3.91 1.63 1.65 2.58 1.92 4.30 2.07
FeO 1.30 3.58 4.38 1.87 2.66 2.12 6.70 1.58
MnO 0.07 (.08 0.12 0.07 0.08 0.07 0.18 0.09
MgO 0.48 2.81 7.48 1.23 2.25 1.32 7.06 1.63
CaO 3.98 13.16 13.84 3.08 4.91 3.87 9.71 4.08
Nua,O 3.97 2.52 2.21 4.77 4.27 4.49 3.77 3.52
K,O 1.04 0.40 0.26 2.24 1.94 2.32 0.36 1.40
P,0O, 0.08 (.18 0.19 0.08 0.10 0.09 0.15 0.09
H,0" 0.73 1.06 0.92 0.88 .11 1.59 1.60 1.93
H,0" 0.14 0.08 0.10 0.10 0.16 0.08 0.26 0.14
Total 99.38 98.68 99.14 98.54 99.81 100.02 99.40 98.13
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TabLe 1. (Contd)

Sample No.  MK-35 MK-36 MK-37  MK-38 MK-39 MK-40 MK-41 MK-42

Trace elements in pans/10¢

Nb 1l 8 7 10 9 10 7 10

Zr 130 130 105 151 138 143 82 130

Y 8 Il 14 18 16 17 4 15

Sr 248 904 591 355 459 336 448 356
Rb 38 33 23 67 73 77 32 48
Ba 263 150 113 675 563 525 150 375
CIPWwW

q 32.52 2.81 0.00 19.73 18.96 22.30 0.00 31.34
or 0.15 2.36 1.54 13.24 11.46 13.71 2.13 8.27
ab 33.59 21.32 18.70 40.36 36.13 37.99 28.88 29.79
an 19.22 48.90 43.75 15.33 16.23 13.38 28.13 16,77
ne 0.00 0.00 0.00 0.00 0.00 0.00 1.64 6.00
c 1.35 0.00 0.00 0.00 0.00 0.00 0.60 0.00
di 0.00 12.15 18.97 1.95 6.00 4.24 15.34 2,30
hy 2.04 325 0.80 3.66 4.61 2.89 .00 3.88
ol 0.0 0.00 10.75 0.00 0.00 0.00 12,32 0.00
mt 2.13 5.67 2.36 2.39 3.74 278 6.23 3.00
il 0.53 1.65 0.82 0.76 118 0.89 2.53 0.51
ap 0.19 0.42 0.44 0.19 0.23 0.21 0.35 .21
Rb/Sr 0.153 0.037 0.039 0.189 0.159 0.229 0.071 0.135
K/Rb 227 101 94 277 221 250 93 242
A/CNK 1.08 0.79 0.69 0.93 (.84 0.88 0.70 0.91

Petrographically, the complex comprises mainly quartz-diorite facies near its east-
crn borders, granodiorite covering most of the central and southwestern parts, and
granites mostly towards the northern and southern parts. The quartz-diorite is coarse
grained, holocrystalline showing well developed intergrowths of quartz and locally
present turbid alkali feldspar along with plagioclase, biotite, hornblende and Fe-Ti
oxides. The granodiorites consist of about 50% of slightly sericitized K-feldspar and
plagioclases, the rest is composed of quartz, and more than [0% biotite, Fe-Tioxides
and green amphibole. The granitic phase consists mainly of hypidiomorphic rocks
with perthitic feldspar, lesser plagioclase, and brown biotite slightly chloritized along
with intergrowths of quartz and alkali feldspar.

Major Elements

The normative mineral contents of all the samples from the Bahrah complex are
partially shown on Ab-Or-An ternary diagram (Fig. 2). The fields are after Barker
(1979). Most of the data plot in the tonalite and granodiorite fields. Few data points
plotted in the granite field are indicating the dominance of the granodioritic compo-
nent in the complex. The Q-Ab-Or ternary diagram (Fig. 3) indicates that the data
plotted fall in a field close to the trajectories of 1-5 Kb water pressure. The ficld of
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group 11 younger granitoids of the Arabian Shield (Jackson er al. 1984a,b) is shown
for comparison. These syn- to late-tectonic intrusions are of the same age as the
group 1l younger granitoids as will be shown later.

An

Ab ' or
FiG. 2. Normative plot of An-Ab-Or. The field boundaries are from Barker (1979).

Q

Ab Or

Fi16. 3. Normative Q-Ab-Or diagram, Thce cotectic surfaces for 1 and 5 Kb PH,O are from Tuttle and
Bowen (1958).
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The AFM diagram (Fig. 4), shows that all the data investigated fall in the calc-al-
kaline field using the boundary line suggested by Irvine and Baragar (1971). Some of
the dioritic and quartz dioritic samples show some Fe-enrichment. The dashed line
on the diagram indicates the position of the calc-alkaline trend designated by Skiba
(1980) for the plutonic rocks of the Jeddah-Rabigh arca, which is consistent with our
data, confirming the calc-alkaline nature of the Bahrah complex. Also, the field of
type 111 younger granitoids of the Arabian Shield (Jackson er al. 1984a,b) is shown
for comparison.

F

FiG. 4. Data plotted on AFM diagram (A = Na,O + K,O: F = total iron as FeO; M = MgO). The line
marked by TH/CA shows the boundary between tholciitic and cale-alkaline rocks, after Irvine and
Baragar (1971). Big dashed line shows the plutonic trend of Jeddah-Rabigh area (Skiba, 1980).
Small dashed line encloses group I granite (Jackson et af, 1984a).

The molar ALO/(CaO + Na,O + K,O0(A/CNK)) versus Al,O/(Na,O + K,O
(A/NK)) diagram (Fig. 5), derived from Shand’s index (Shand [951), exhibits the
domination of metaluininous nature of the Bahrah Complex rocks. Some samples
show peraluminous character. The highly metaluminous (AI/NK > 1.4) character
followed by metaluminous (A/NK < 1.4) and peraluminous nature of the Bahrah
complex indicates a mixture of island arc and continental arc tectonic environments
{Maniar and Piccoli 1989).

Figure 6 shows the CaO-Na,0-K,O diagram. The data points plot mainly in the to-
nalite and granodiorite fields (Condie and Hunter 1976). The sodic nature of the
rocks of the Bahrah complex, with a dominating range (13-15%) of Al,O, contents,
might indicate an oceanic environment (Baker 1979, Arth 1979, Jackson 1986).
Also, the total atkali (K,O + Na,O) versus SiO, diagram (Fig. 7), shows that, in gen-
eral, all the data points fall within the subalkaline field. However, points represent-
ing rocks of both ends of the fractionation series, viz., quartz-diorites, fall mainly in
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the high alumina field, whereas granites tall mostly in the low alumina field. This is
consistent with the metaluminous nature and occanic type environment from the
diagrams (Fig. 5 and 12).

Ca0

Granite

Mcnzonite

Quar1z

NCIZO KZO

Fi6. 6. Ca0-Na,0-K,O diagram showing the calc-alkaline trend. The field boundaries are from Condi¢
and Hunter (1976).
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Na, 0+ K,0 (%)

0 1 ] |
45 55 65 75 80

Si0, (%)

Fiii. 7. Binary diagram showing distribution of alkali and silica, alter Kuno (1968).

In the whole, the Bahrah granodiorite-granite complex has a variable $iQ, con-
tent, but high in Na,O, and low in CaO, MgO, K,O and Fe*#/Fe*? ratios. The AlLO,
content is varying from oceanic environment (Al,O, = 13-15%) to continental tron-
dhjemite (Al,O; > 15%) (Jackson 1986). The total Fe-content 1s moderate. These
chemical features are quite similar to the group I1I younger granitoids which repre-
sent the early intrusions (700-600 Ma) within the emerging neo-crust of the Arabian
Shicld, characterized by calc-alkaline magmatic suites showing non iron-enrichment
trends. These granitoids also are generally metaluminous.

Minor Elements

The variations in K, Rb, Srand Ba, are shown in Fig. 8-10. In general, the complex
rocks are high in Sr and Ba but low in Rb. This is typical of granitoids emplaced at
deeper levels of the crust (Katazone). However, the K-Rb variation diagram (Fig.
9), indicates some enrichment of Rb than crustal average (74 ppm; Faure and Hurley
1963). This is supported by the large scatter of Rb observed above the liquid line of
descent drawn on the Rb-Sr variation diagram (Fig. 8). The Ba-K (Fig. 10), relation-
ship is consistent with the high pressure under which the pluton was emplaced (Grif-



159

Age and Petrochemistry of Balirah Granodiorite-Granite Complex...

fin and Murthy 1969). The K/Rb ratios range between 67 and 597 with an average
and standard deviation of 248 and 102, respectively. Thirty-one samples out of 44 fall
betwecn 200 and 350. Most of the continental rocks have K/Rb ratios between 160
and 300, with an average of about 230 (Heier and Adams 1964). The large variation
in the K/Rb values of the Bahrah complex may reflect the occurrences of strongly dif-
ferentiated rocks (K/Rb < 160; Heier and Taylor 1959, Kolbe and Taylor 1966) as
well as rocks from oceanic environment (K/Rb > 300; McDougall and Compston

1965).
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The variations of Rb. Y. and Nb versus 8i0, have been used as discriminate diag-
rams to indicate the tectonic regimes within which the magma developed (Pearce et
al. 1984). Figure 11(a-c) show such variation diagrams for the Bahrah complex. The
Rb-5i0, diagram (Fig. 11b) indicates that the Bahrah complex was developed either
within volcanic island arc (VAG) or within plate (WPG) environments. The Y-8iO,
diagram, (Fig. 11a) indicates that the complex evolved within volcanic island arc
(VAG), collisional (COLG) or ocean ridge (ORG) environments. The Nb-SiO,
diagram (Fig. 1lc), indicates that the complex evolved within volcanic island arc
(VAG), collisional (COLG), or ocean ridge (ORG) environments exactly as the Y-
SiQ, diagram. To carry the discrimination further to define the tectonic setting, the
Nb-Y diagram (Fig. 12a) is used. The diagram indicates that the complex evolved in
a volcanic island arc or syn-collisional type environments. Furthcrmore, the Rb-
(Y + Nb) diagram (Fig. 12b) specifies that the Bahrah granodiorite complex de-
veloped within a volcanic island arc environment. This last designation is consistent
with the interpretation of Camp (1984), Stoeser and Camp (1985) and Stoeser (1986)
of the western regions of the Arabian Shield (central Hijaz region). These authors
suggested crustal accretion by development of ensimatic island arcs followed by
suturing and collisional events. The process of collision and the are maturity thic-
kened the crust which led to the development of granitoid plutonism of bimodal com-
positions. The early plutons are of calc-alkaline affinity which later changed into al-
kaline to peralkaline magmatism.
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Rubidum-Strentium Geochronelogy

The samples of the granitic facies, especially along the N-S traverse, have been
processed. The concentrations of Rb and Sr in the powdered samples were deter-
mined using XRF-spectrometric techniques. The Sr-isotopic compositions were
measured using a VG-Isotopes 54E mass spectrometer. Regression of isochron data
was done according to the techniques of York (1969). The decay constant for 3Rb
(B = 1.42 > 10-'"Y~") was used to calculate the age of the pluton (Steiger and Jager
1977). The analytical data are shown in Table 2.

TasLe 2. Rb/Sr data of Bahrah granodiorite-granite complex.

Sample No. Rb (ppm) Sr{ppm) ¥RbMAST = 20 878181 £ 20
MK-1 50.8 252.4 0.5824 = 0058 (.707285 = .052
MK-2 68.9 241.3 0.8721 = 0083 0.710054 >+ .042
MK-3 77.5 265.5 (.8451 = .0085 0.710196 = 545
MK-S 65.5 253.2 0.7487 + .0075 0.709652 = .062
MK-6 59.1 373.0 0.4580 = 0046 0.706305 + .040
MK-7 57.6 129.8 1.2857 = .0129 0.713499 + 084
MK-9 78.8 236.7 0.9630 = .0096 0.711273 = 042
MK-10 66.0 201.6 0.9484 + 0095 0.710962 = .44
MK-11 56.0 517.7 0.3136 = .0031 0.704904 = 178
MK-14 68.9 284.8 0.7005 = .0070 0.723565 = .128
MK-15 84.2 107.6 2.2673 = 0227 0.708699 = .034

The elevent points whole rock Rb/Sr isochron produced an age of 664 * 12 Mafor
the Bahrah complex (Fig. 13), and an initial ¥’Sr/Sr ratio of 0.70204 + 14. The
MSWD value for the isochron is 0.09.
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FiG. 13. Rb/Sr isochron ptot for Bahrah granodiorite-granite complex.
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This age classifics the Bahrah granodiorite-granite complex with the syntectonic
plutonism of Hadiyah tectonic cycle defined by Kemp er al. (1980) in the western re-
gion of the Arabian Shield north of latitude 24°N. Similar ages have been also re-
ported from the eastern region of the Shield by Abdcl-Monem er al. (1989) for
granodiorite-granitic pluton of the same geologic settings as well as petrochemical
characteristics. Furthermore, ages in the range of 750-650 Ma, are reported from the
same areas geologically mapped by Skiba (1980) for some granitoid intrusions. [t is
now suggested that in the geologic evolution of the Arabian Shield, the time span be-
tween 750-650 Ma, is characterized by the emplacement of deep seated (Katazonal)
plutons ranging in composition from gabbroic-dioritic-quartz/dioritic-granodioritic
to granitic, within the slightly (green-schist facies) volcano-sedimentary sequences.
These plutons are sometimes exposed in the cores of gneiss domes. However, most
of the time they are exposed as low relief negative geomorphologic features sur-
rounded by high ridges of the metamorphosed volcano-sedimentary country rocks,
Claesson er al. (1984) reported that the maximum age of the suturing or collisional
event took place in the Arabian Shield between 780-740) Ma, by directly dating
ophiolitic materials from Jabal Al-Wask and Jabl Ess ophiolite. This means that the
series of plutonic rocks, that was emplaced between 750-650 Ma as outlined above,
represent syn- to late-tectonic intrusions following the suturing episode.

The low initial ¥Sr/88r ratios, usually reported for this type of plutonic intrusives
(0.702-0.703), indicate that they are either fresh additions from the upper mantle or
by partial melting of deep crustal material with low Rb/Sr ratios and short history in
the crust (Moorbath and Taylor 1981). The calc-alkaline nature and chemical charac-
teristics of thissuite of rock indicate their development near continental marginal arc
such as the Andes (Pitcher 1982). However, the absence of any continental margin
(Stoeser 1986) in the western arc terranes suggest their derivation from a thickened
and matured ensimatic crust.
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